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▼Various methods are currently available to clone prod-
ucts generated by PCR. In one common approach, non-
phosphorylated blunt-ended PCR products are incubated
with either SmaI- or Srf I-linearized vectors in the presence
of T4 DNA ligase and the corresponding restriction enzyme
(Ref. 1, 2). Vectors which self-ligate and fail to accept insert
DNA re-create the original blunt-end restriction site and are
subsequently cleaved by the restriction enzyme that rec-
ognizes this site. Any resulting linear vectors inefficiently
transform Escherichia coli. Transformed colonies containing
cloned DNA fragments are then identified by conventional
LacZ ‘blue/white’ screening. We have improved this pro-
tocol by constructing a new cloning vector that uses the
green fluorescent protein (GFP) of Aequorea victoria (Ref. 3)
in place of the LacZ reporter gene. Furthermore, the cloning
procedure was simplified for blunt-end cloning into either
a SmaI or Srf I restriction site.
The cloning vector pGFPCR (Fig. 1) was constructed by
replacing the XbaI−AgeI sequences within the plasmid
pGFPuv (Clontech) with two overlapping deoxyoligonu-
cleotides which introduced restriction sites for Srf I and
SmaI and a second site for XbaI.
The results from a test ligation using pGFPCR and a DNA
fragment generated by Pfu DNA polymerase are shown
(Table 1). Approximately one-third of the transformants
from the ligations were non-fluorescing (‘white’) while the
other two-thirds were fluorescent (‘green’) when either SmaI
or Srf I was used as the restriction enzyme. This value is sim-
ilar to that obtained when LacZ was used as the reporter
gene (Ref. 1). However, around one-quarter of the transfor-
mants obtained in the negative control reactionwere white,
a phenomenon also observed in blue/white screening. Of
the colonies selected for plasmid preparations, 80% con-
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tained the desired insert. This figure was similar regardless
of whether SmaI or Srf I was used. Thus, this procedure is
highly efficient for cloning blunt-ended PCR products and
there is no apparent advantage to using either of the two
enzymes tested apart from restriction site frequency (Srf I is
an ‘8-cutter’) and cost (SmaI is less expensive).
The use of GFP as the reporter gene for the cloning
of DNA fragments has several significant advantages com-
pared to that of β-galactosidase:
There is no need to use X-Gal (5-bromo-4-chloro-3-indolyl-
β-D-galactopyranoside) or IPTG (isopropylthiogalacto-
side). Even though the GFP gene is driven by the Lac
promoter, its basal level of expression is great enough
to allow detection of the protein in the absence of IPTG.
Moreover, X-Gal is a relatively expensive chemical.
There are no ambiguities in identifying white colonies.
Cells harbouring non-recombinant vector are
fluorescent green, whereas those containing re-
combinants are not (white). By contrast, β-
galactosidase is notorious for exhibiting ambigu-
ous and variable activity sometimes making it
difficult to identify true whites with certainty.
Furthermore, when GFP is used as the reporter, visual
inspection of the transformants is immediate. The
brief exposure to UV light has, also, no detectable
harmful effects on the bacteria.
The E. colistrain requirement is less stringent. α-
Complementation of LacZ’requires the use of strains
carrying an F’ episome encoding the omega fragment
of LacZ, or equivalent, whereas the fluorescent activity
of GFP functions in strains of various genotypes. How-
ever, recA− strains should be avoided because of their
susceptibility to DNA damage induced by UV light.
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FIGURE 1. Sequence of the cloning site in pGFPCR. The DNA sequence of the linker between the LacZ and GFPuv start codons is shown. The two
XbaI sites are indicated and the SmaI/Srf I restriction sites are underlined. Also shown are unique HindIII and AgeI restriction sites.
Table 1. Results from transformation of ligations
White Inserts
Ligationa Greens Whites (%) (%)
PCR + SmaI 35 20 36 80
PCR + Srf I 37 19 34 80
SmaI 135 42 24 0
aIncubation with pGFPCR, T4 DNA ligase
Other advantages of this protocol compared with others
include:
Vector preparation is simple. The pGFPCR vector does not
need to be linearized before use. During the simulta-
neous ligation and restriction incubation, the vector is
linearized.
Insert excision is simple. Standard pUC19-like multiple
cloning sites containing only unique restriction sites
require the use of two enzymes to excise the insert from
the vector. pGFPCR contains twoXbaI sites flanking the
SmaI/Srf I cloning site allowing for simple screening of
plasmids for insert DNA.
Products generated by DNA polymerases which do not
yield blunt termini, such as Taq, can also be cloned via
this method by first ‘polishing’ the ends of the duplex DNA
prior to the ligation step.
Protocol
A PCR product of an Arabidopsis gene sequence of approx-
imately 800 bp was amplified from about 10 ng of tem-
plate DNA using nonphosphorylated primers and Pfu DNA
polymerase (Stratagene). The sample was precipitated from
2 M ammonium acetate with 2.5 vol. 95% ethanol, washed
with 70% ethanol and suspended in sterile distilled wa-
ter. Approximately 250 ng of the PCR product was incu-
bated with 10 ng pGFPCR in 10 µl ligase buffer containing
1 Weiss unit T4 DNA ligase (Boehringer Mannheim) and
5 units SmaI (Boehringer Mannheim) or SrfI (Stratagene)
at room temperature (22◦C) for 2 h. In addition, 10 ng
pGFPCR was incubated similarly with T4 DNA ligase and
SmaI. After heat-inactivation of the reaction at 65◦C for
10 min, 0.5 µl of the sample was used directly to transform
E. colistrain DH5α by electroporation using the Gene Pulser
(Bio-Rad) electroporation apparatus. About one-tenth of the
cells were spread onto LB plates containing 50 µg/ml ampi-
cillin and incubated overnight at 37◦C.
The plate was placed on a UV transilluminator (366 nm)
and ‘white’ (non-fluorescing) colonies were marked with a
felt pen. From these, 10 individual white colonies from each
transformation were picked and plasmid DNA preparations
were performed.
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3. Products Used
pGFPuv: pGFPuv from Clontech Inc
Pfu DNA polymerase: Pfu DNA polymerase from
Stratagene
T4 DNA ligase: T4 DNA ligase from Boehringer
Mannheim
ligase: ligase from Boehringer Mannheim
Sma I: Sma I from Boehringer Mannheim
Gene Pulser: Gene Pulser from Bio-Rad
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